Haptoglobin (Hp) levels were measured in blood serum from 185 apparently healthy ringed seals (Pusa hispida) from Svalbard (age range, 1-30 yr) collected during the spring seasons of 2002 through 2004. The Hp concentration was 0.2660.02 g/l (mean6SE; range, 0.0-1.5 g/l). Maturity status, body condition index (CI), interactions between CI and maturity status, and sex and maturity status all had significant influences on Hp levels. Mature males had significantly higher Hp concentrations compared with mature females (0.3060.03 vs. 0.1760.01 g/l, F 1,16 514.9, P,0.01). No differences were found between Hp levels in immature male and female seals (0.3360.06 g/l). The Hp levels increased significantly in immature seals when the CI decreased. Despite the fact that mature males had a significantly lower CI than mature females, no direct correlation was found between Hp concentration and CI among adults. The elevated Hp values found in mature males might be related to injuries inflicted among males while fighting during the mating season or to high stress levels related to mating competition. The Hp concentrations of ringed seals measured in this study are useful baseline data for development of a diagnostic tool for future monitoring of the general health of this and other ringed seal populations.
Haptoglobin (Hp) belongs to a group of blood proteins called acute-phase proteins (APPs), which take part in the restoration of homeostasis when an animal is suffering from inflammation, toxicologic damage, exhaustion, starvation, or other stress or trauma (Eckersall, 2000) . Haptoglobin is released from the liver, and its measurement in blood is used widely as a diagnostic tool to detect various diseases in humans and domestic production animals (Kent, 1992; Gruys et al., 1994; Delanghe and Langlois, 2001) . A standardized method for measuring Hp has been developed, but because levels and the APP response profiles differ between species (Murata et al., 2004) , it has been recommended that each species be examined separately (Eckersall et al., 1999; Skinner, 2001 ). The Hp levels in declining populations of Steller sea lions (Eumetopias jubatus) and harbor seals (Phoca vitulina) in Alaska (USA) differed significantly from those measured in animals from stable populations of the same species (Zenteno-Savin et al., 1997) , suggesting that the declining populations might be experiencing an acute-phase stress response. These findings also suggest that Hp levels might be useful bio-indicators for monitoring the general health status of seal populations.
This study investigated how Hp levels in apparently healthy ringed seals (Pusa hispida) from Svalbard, Norway (,77-80uN, 10-20uE), vary among different age and sex-groups and animals in different condition states. This population is exposed to low levels of harvest (Lydersen, 1998) and low pollution levels (Wolkers et al., 1998) . A total of 185 ringed seals (110 males and 75 females) were shot during the spring seasons (April and May) of 2002 through 2004 in fjords on the largest island in the Svalbard archipelago, Spitsbergen, Norway. Animal sampling included the measurement of body mass, standard length according to the method described by Scheffer (1967) , and blubber thickness according to the method described by Ryg et al. (1988) . Blood was sampled from the extradural intravertebral vein, and extracted blood was transferred into 10-ml vacutainers. Serum was separated by centrifugation within 4 hr at 3,000 rpm for 10 min and then kept frozen (,20 C) until analyses were performed. A lower canine tooth was taken for age determination, and reproductive organs were collected for evaluation of reproductive status (immature vs. mature based on the presence of mature follicles, corpora lutea, or corpora albicantia in the ovaries of females or the presence of spermatozoa in the epididymis or spermatogenesis in the seminiferous tubules in males, as described by Lydersen and Gjertz [1987] ).
A multispecies Hp assay developed by Tridelta Development Limited (Maynooth, Kildare, Ireland) was selected for use in this study. Analyses were performed using an AdviaH 1650 System (Bayer Corporation, Tarrytown, New York, USA). To compare the condition of animals of various body sizes, a body condition index (CI) was developed and calculated as follows: CI5BlM/M 0.75 , where BlM is blubber mass and M is body mass. The BlM was calculated based on a formula from Ryg et al. (1990a) 
where B is blubber content (%), M is body mass (kg), L is standard length (m), and D is dorsal blubber thickness (m). This formula estimates the blubber content of phocid seals with less than 3% error. Blubber content was multiplied by M/100 to get the animal's BlM. The term M 0.75 is the metabolic body mass according to Kleiber (1975) . The statistical software SAS/STAT Version 6 (SAS Institute Inc., Minneapolis, Minnesota, USA) was used for the regression analyses. Normality was confirmed by Kolmogorov-Smirnov with the Lillefors option test, and differences between groups were tested using an analysis of variance (ANOVA; type III) with Statistica (Ver 6.1 for WindowsH, StatSoft Inc., Tulsa, Oklahoma, USA). Values are presented as the mean6SE.
The overall mean serum Hp concentration for the ringed seals in this study was 0.2660.02 g/l (range, 0-1.5 g/l; n5185) ( The animals included in this study all appeared to be in generally good health. Twenty of the animals were surveyed for Brucella sp., with negative results (Tryland et al., 2005) . Many animals in this study also underwent a general screening of their serum chemistry, but no abnormal values were found (Tryland et al., unpubl. data) . Significant differences in Hp levels were found that were related to sex, maturity status, and condition. The seals in this study were collected late in the breeding season, which overlaps with commencement of the molting period. These annual events place energetic and physiologic demands on the seals (Ryg et al., 1990b; Lydersen, 1995) . It was somewhat surprising that male condition was lower than female condition, because lactation is extremely energy demanding in phocid seals (Lydersen and Kovacs, 1999) . However, ringed seal mothers do feed throughout lactation, and many females lose their pup to predation by polar bears (Ursus maritimus) and arctic foxes (Alopex lagopus) early in the breeding season and so do not complete lactation. The low Hp levels in the female ringed seals were similar to those in female cattle that had given birth to calves and were lactating (Saini et al., 1998; Chan, 2004) . Adult male ringed seals must defend a territory that contains adult females if they are going to participate in mating. Virtually all males have bite wounds, particularly on the hind flippers, tail, and at the base of the foreflippers in May, as a result of male-male aggressive interactions (Smith and Hammill, 1981 ; present study). The area around these wounds is often swollen and occasionally infected. Stress associated with fighting, in addition to the wounds and their inflammation, might be responsible for the elevated Hp levels measured in adult males compared to those in adult females (Solter et al., 1991; Eckersall, 2000) . The cold temperatures, clean pack-ice environment, and regular bathing of wounds in saltwater, however, likely reduces the risk of infection and the need for immune responses by ringed seals compared to those of animals in other circumstances. Eight males with particularly high Hp values did not have markedly worse wounds compared with those of other males in the study. Immature seals do not participate in mating, so it was not surprising that the Hp levels among these younger animals were more uniform between the sexes. The CI was more tightly linked to Hp levels in the immature animals. Their small size might make them more vulnerable to the energy stress involved in molting if they go into this process in poor condition (with little blubber). Additionally, some young ringed seals bear heavy parasite infections, such as lungworms (Onderka, 1989) , that might influence Hp levels. Such infections were not explored in our study. In addition, our sample sizes for immature animals were small, so firm conclusions regarding sex differences or Hp vs. CI should be made with reservation for this group.
Levels and response profiles of APPs like Hp have been shown to differ among species (Murata et al., 2004) , but the mean Hp levels for ringed seals in this study fell within the ranges reported for Steller sea lions and harbor seals from stable populations in Alaska (Zenteno-Savin et al., 1997) . Nursing harp seal pups (Pagophilus groenlandicus) from the White Sea have been reported to have a somewhat higher mean value (1.48 g/l; Erokhina, 2002) ; however, no confidence limits were presented around this estimate to enable more in-depth comparisons. This harp seal study also reported a surprising lack of correlation between Hp levels and extreme nutritional stress (starvation) in pups of this species.
Concentrations of Hp have been used as a health marker for monitoring various wildlife species (Duffy et al., 1993 (Duffy et al., , 1994 Zenteno-Savin et al., 1997; Seiser et al., 2000) . More studies that cover a range of health and condition values broader than those represented by the animals in this study are required to determine diagnostic Hp levels for use as health markers in ringed seals, but the results of this study suggest that Hp levels might be a useful tool in future monitoring of the health status of this species. The Hp levels varied with condition among juveniles and between adult males and females, perhaps because of higher trauma or stress levels in adult males during the breeding season.
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